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Abstract 
In this project, a substitute of 5-CSRTT has been developed. The new task includes traits from 5-
CSRTT and CPT, and its name is 2-CSRTT. To improve the data accuracy and reduce human 
efforts in animal training, a new 2-CSRTT box is developed. The results suggest that the 2-
CSRTT box reduces the reaction time in trials, implying that the efficacy of test has been 
improved. Also, the automated part of the box has shown to reduce human efforts. This project 
will help researchers in the Frohlich Lab to train ferrets in a shorter period of time, and the 
behavioral results will be more useful in data analysis. 
 
Introduction  
Sustained attention refers to a process of allocating cognitive resources that enables sustained 
performance on tasks with infrequent stimuli over an extended period of time1. Previous studies 
suggest that dysfunction of this process is associated with impulsivity and attention deficit in 
several psychiatric disorders, such as schizophrenia and attention-deficit/hyperactivity disorder 
(ADHD)2. Researchers in the Frohlich Lab have composed of several theories of neural basis of 
sustained attention, and showed the fronto-parietal network, composed of prefrontal cortex and 
posterior parietal cortex (PPC),  and the posterior thalamo-cortical network, including higher 
visual thalamus and PPC, played significant roles in sustained attention3, 4, 5. Based on preliminary 
data, we hypothesize that thalamus modulates functional connectivity between PPC and primary 
visual cortex (V1) during sustained attention via thalamo-cortical oscillations. 
 
To seek evidences for the hypothesis, we aim to determine the 
causal role of thalamo-cortical oscillations in sustained 
attention. A rodent version of 5-CSRTT is used for the animal 
model of ferrets. The 5-CSRTT is a preclinical task to access 
attention, which is similar to the Continuous Performance Test 
(CPT) that is commonly used in human studies to investigate 
the efficacy of original medication for schizophrenia or 
ADHD6. We believe ferrets are a good animal model because 
them showed the same thalamo-cortical alpha oscillations (8-
12 Hz) that are defective in some human neuropsychiatric 
disorders. They also have similar postnatal cortical folding to 
a primate7. In laboratories, 5-CSRTT is carried out normally 
in a behavior box. In the Frohlich Lab, the 5-CSRTT 
behavior box includes one action site (AS) and one reward site (RS). The AS has five touchable 
screens on one side of the box, and the RS has a water spout on the opposite side. During the 5-
CSRTT, the animals need to detect short flashed of light that is in a pseudorandom manner and 
to make a correct nose-poke response on a screen to receive the water reward. Simultaneously, 
we record video and electrophysiological data. We are interested in the data during the delayed 
period. The delayed period is the period of time in which the animal draws cognitive attentional 
resources to complete the task for a reward (Figure 1).  
Figure 1. A paradigm of one training trial in the 
behavior box. a Initiation. b Turn around. c Wait 
on the shelf. d Look for stimulus. e Stimulus on. 
f Go for the stimulus. g Touch. h Water release. 
i Reward collect. (figure from the Frohlich Lab) 
 
Despite that the 5-CSRTT behavior box has been used in multiple studies in the Frohlich Lab, 
there are some significant limitations. As shown 
in Figure 2, the distances from the animal to the 
stimuli are not identical. We also know that the 
5-CSRTT correct rate is associated with 
animal’s body position regarding distances to 
the AS and head angles when the stimuli are on. 
Non-isometric behavior box results in a 
function of reaction time with animal’s body 
position, and this introduces random errors into 
the analysis of causality of brain oscillations in 
reaction time and task results. Therefore, a re-designed behavior box with isometric distances 
from the animal to the stimuli is needed. An isometric box will reduce the errors in task results 
and reaction time hypothetically, elevating the reliability of relationship between thalamo-
cortical oscillations and behavioral outcomes. Besides, at the stage of animal training and session 
recording, researchers need to devote much time supervising the progress. Atomization is also 
important to increase the efficacy of research. 
 
Signal detection task (SDT) requires less training than 5-CSRTT*8, in which trails are self-
initiated without delay to signal. In a SDT box, the AS and the RS are on the same side of the 
box, reducing the time required for the animal to get reward and return to the task. Also, two 
stimulus windows on the AS make the animal isometric to either stimulus window. Combining 
the SDT box characteristics with 5-CSRTT’s delayed period, two-choice serial reaction time task 




The box is composed of two layers of 
front panels, right panels, left panels, 
back panels, and one layer of top 
panel. All the panels are cut from 0.25-
inch plywood by a 60W CO2 
Universal Laser Systems laser cutter 
with an interlocking pattern. The 
interlocking pattern allows the box to 
be assembled and dismantled with less 
effort than concrete structure. The 
outside dimensions of the box are 
18.5 inches wide by 18 inches long 
by 22 inches tall. The inside dimensions of the box are 16 inches wide by 16 inches long by 20 
inches tall. Electronics and noise-absorbent sponges are in between the outside layer and the 
inside layer. The double-layer structure protects electronics and prevent the animal from being 
influenced by environmental distractions. In 2-CSRTT, we expect animals to enter the box to 
take the task freely as long as four hours have been passed since last session, so that the animal 
would be motivated to complete the task. Therefore, the 2-CSRTT behavior box should allow the 
Figure 2. (Left) a schematic of 5-CSRTT. (Right) 5-CSRTT results 
are associated with distances and head angles of the animal8. 
Figure 3. (Left) a schematic of 2-CSRTT behavior box from right. Door features can be 
seen in this graph. (Right) a schematic of the inside of the front panel. AS included. 
 
animal do the task spontaneously. This box can be placed into a cage, and the automatic door 
along with microcontrollers and sensors achieves this goal. The automatic door is driven by a 
12W step motor controlled by an Arduino Mega 2560. A gear set composed of four gears makes 
the door to move horizontally in a pre-set track bar. Two 3mm IR break beam sensors are used to 
monitor the entry of the animal, and to make sure the door area is clear when closing the door. 
On the inside front panel of the 2-CSRTT box, the AS and RS are held. The AS includes left 
LED, left infrared (IR) sensor, center LED, center IR sensor, center touch sensor, right LED, and 
right IR sensor. All parts except for the center part are glued to the holes cut by the laser cutter. 
The center part is a 3-D printed hollow cylinder without the lid, so that it can contain the water 
coming out from the spout without leaking to destroy electronics.  
 
Electronics construction 
To achieve features of the 2-
CSRTT behavior box, electronics 
that detect the motion and touch 
of the animal are controlled by an 
Arduino Mega 2560. The whole 
circuitry (shown in Figure 4) can 
be divided into four parts – motor 
driving circuit, speaker circuit, 
task circuit, and initiation circuit, 
and they are all communicating 
through the Arduino.  
The motor driving circuit includes 
a 12V stepper motor and a L298N 
DC Stepper Motor Driver 
Module. Since Arduino cannot 
supply a voltage that is higher 
than 5V, an additional DC power 
supply is needed. The power 
supply offers 12 V to the motor, 
and the L298N module is 
connected to a digital input (DI) 
pin to switch on and off the motor. 
The motor is attached to the driver 
gear, so that driven pinions can 
turn to open and close the door. The 
12V power supply also powers up the IR strip for infrared video recording and a solenoid valve 
for water reward. 
The speaker circuit is composed of a 5V speaker and a p-type transistor with its gate connected 
to DI. After each trail, the speaker will generate sounds with different frequencies as a feedback.  
The task circuit includes LEDs and IR sensors. Considered to be easier than 5-CSRTT, 2-CSRTT 
should have a stimulus with less brightness to compensate the difference. Therefore, the left and 
right LEDs are controlled by PWM pins. OPB710F is the IR transmitter and receiver used in the 
box under the left LED and the right LED. Applying the transmitter and receiver together can 
eliminate the errors caused by ambient light. The output for each IR sensor is different based on 
Figure 4. Whole circuitry including four sub-parts. 
 
their distinct position and access to the light source. The output should remain the same after 
calibrating the system in the cage.  
In the initiation circuit, to initiate next trail, the animal need to poke its nose onto the touch 
sensor. The 1-key touch pad detector IC used in the box is TTP223. Only after the animal has 
taken up the water reward and touched the touch sensor for 1000 ms, the next trail will be 
initiated. The animal is expected to wait for the signal at the position just as it poked the sensor. 
 
Programming 
The programming language for the Arduino Integrated Development Environment (IDE) is C. 
Every task level has slightly different commands. Sketches for each level are programmed and 
saved on a PC. Researchers need to upload a proper sketch to the Arduino at the beginning of a 
day. A sample sketch is attached in the Appendix (A). 
A programmed DAQ is used to automatically save Arduino’s serial outputs into an Excel file. 
Researchers also need to open the DAQ software at the beginning of a day, and save it to a drive 
after completion. A sample DAQ excel file is attached in to the Appendix (B). 
 
Verification 
The 2-CSRTT is modified based on 5-CSRTT, with an intent to train ferrets to respond to 
infrequent, but task-relevant stimuli over an extended period of time. Also, since 2-CSRTT limits 
the free region of the ferret’s body position, the task results, such as reaction time, should have 
more values for analysis. 2-CSRTT has six levels of tasks. The first level of training aims to 
make the ferrets be familiar with tone 1 (600 Hz), which is associated with a water reward. At 
the first level, the procedure is as follow*9: 1) play tone 1 for 1000 ms and deliver water for 300 
ms. 2) Blink the center LED until the spout is touched. 3) After the spout is touched, the LED is 
turned off and the time is recorded as the start of a new trial. 4) Wait for 10-15 seconds 
randomly. 5) Repeat.  
After the animal has successfully paired tone 1 with a water reward, it will need to complete 
level 2. Level 2 is designed to train the animal to associate touch with LEDs. The left or right 
LED will light up in a pseudorandom manner. Once the animal touch the lighting one, it will get 
water reward. The procedure is as follow: 1) Deliver water from the center spout for 300ms. 2) 
After the ferret is detected at the center spout, the trail is initiated and either the left or right LED 
will be illuminated based on a random choice between the two. The chosen LED will continue to 
blink for an infinite duration time until the ferret is detected at that LED. 3) If the ferret is 
detected at the correct spout, the trial is considered correct, the LED is turned off, tone 1 is 
played for 1 second, water is delivered from the center spout for 300ms, and the center LED is 
set to blink until the spout is touched. If there is in incorrect touch, there is no punishment but it 
is recorded if the incorrect LED is chosen. 4) Wait for a 3 second inter-trial-interval (ITI). 5) 
Repeat from 2).  
Then, level 3 involves the addition of a touch sensor on the front panel. The animal needs to 
interact with it for any amount of time to get water reward. The process is as follow: 1) water is 
delivery from the center spout for 300 ms. 2)The center LED lights up until the animal drinks the 
water and a touch is detected. 3) LED turned off and tone 2 (200Hz) is played for one second, 
water is delivered from the center spout for 300ms. 4) The center LED is set to blink until the 
spout is touched. If there is in incorrect touch, there is no punishment but it is recorded if the 
incorrect LED is chosen. 5) Wait for a 3 second inter-trial-interval (ITI). 6) Repeat from 2).  
Beginning at level 4, punishment and a holding duration are included. The touch sensor needs to 
detect a continuous touch for 1000 ms. The procedure is as follow: 1) continuous touch is 
detected. 2) The press button LED is turned off, tone 2 is played for one second. 3) The left and 
right LEDs are set to light up until the spout is touched. 4) If there is in incorrect touch, there is 
no punishment, if not a punishment is given by playing white noise for five seconds. 5) Next trial 
starts. Repeat from 1).  
The fifth level training adds a delay period, which is crucial for data analysis, between the trail 
initiation and the stimulus onset. The touch sensor needs to detect three seconds of continuous 
touch but one of the key additions to this trail is the delay after the button is released. The ferret 
must not touch the sensor again during the ITI or it will receive a punishment. The left or right 
LED portion of the trail will start after this 
1 second delay. If the ferret pre-releases the 
pushbutton (it is not held down for the full 
three seconds), then a punishment is given. 
The procedure is as follow: 1) water is 
delivery from the center spout for 300 ms. 
2) A touch last more than 1000 ms is 
sensed. 3) If pre-release, punish; if multiple 
touches during the ITI, punish. 4) If not, 
the right or left LED is light up. 5) Animal 
touches the correct LED. 6)Repeat 1). 
The sixth level of training reduces the 
stimulus duration to 800 ms and the delay 
duration is randomly selected as one, three, or five seconds. The holding duration remains the 
same at one seconds. 
 
Animal validation 
A ferret that has not been previously trained for 5-CSRTT is placed into the 2-CSRTT behavior 
box. Starting from level 1, once the criteria has been met, the animal can do the next level of 




The animal passed the first level of training after the criteria had been met. It passed the second 
level of training in a longer period of time. In the process of training, ferret vitamin treat was 
used to lure the ferret to touch the correct stimulus. Initially, the animal was not learning the task, 
after several training with water and treat, it could associate touching LEDs with water reward. 
At first, instead of a touch sensor, a push button was used for initiation. During the training 
session, I noticed that the ferret could not push the button in because the activity required a lot of 
force. The ferret just sniffed the button without applying force on it. Therefore, I used a touch 
sensor to replace the button design. The touch sensor successfully detect the touch of the ferret. 
However, getting the ferret to touch the sensor for a certain amount of time was not as expected. 
Although the ferret completed 66% (4 out of 6) touch for more than 1 second is a training 
session, it seemed that the animal did it by accident, not by intention. Also, the touch sensor was 
not sensitive enough to tell if the animal’s sniff was a little bit off the site. Other hardware 
Figure 5. Animal 0174 in the 2-CSRTT behavior box. Red dots symbolled 
two IR beam sensors for entry detection. 
 
worked as expected, including the door and 
the IR-beam position sensory system. As 
shown in Figure 5, the IR-beam position 
system could tell whether or not the animal 
was fully inside the box, so that it was safe 
to close the door. However, during the 
training sessions, several malfunctions were 
observed. The IR-beam system reported the 
animal was not inside for several times. 
Besides, the video recording was not ideal. 
Since the 2-CSRTT box has a relatively 
small size compared to the original 5-
CSRTT box, the camera used in the old box 
could not capture the whole arena. Also, 
inside of the box was too bright, the contrast 
was not ideal to analyze the video in 
EthoVision. The average reaction time of level 
1 sessions was 9.63 s in 5-CSRTT. The 
average reaction time of level 1 sessions was 
4.24 s (animal 0180). Since the EthoVision 
could not be applied to 2-CSRTT videos due to 
low-quality of video, there was no way to 
analyze the body position from the stimulus in 
2-CSRTT. The ferret was sacrificed before it 
passed level 4. 
 
Discussion 
The results support the hypothesis that the 2-
CSRTT behavior box will reduce the reaction time for ferrets in training sessions. As shown in 
Table 1, the average reaction time reduced by 56% in 2-CSRTT (p < 0.05). This implies that the 
application 2-CSRTT will reduce the total amount of time required in a training session, making 
the training process more efficient. However, this conclusion is drawn from only 12 level 1 trials. 
The efficacy of 2-CSRTT in higher-level task are not analyzed due to lack of data. One other 
hypothesis is that the 2-CSRTT will at least maintain the same accuracy as 5-CSRTT, but there 
is no evidence to support this hypothesis. The accuracy data is useful at higher-level but the 
animal did not pass to the higher-level in my project period. Further study on the animal’s 
performance needed to be conduct before drawing a conclusion that 2-CSRTT will not reduce 
accuracy. Besides, as the behavior box is automated, one aim to reduce human efforts in animal 
training has been achieved. However, one essential feature that I was looking for was the box’s 
ability to control the animal’s head angle and body position during ITIs. Although a touch sensor 
constrain the animal’s position, without video tracking data from EthVision, I do not have strong 
enough evidence to claim that the animal’s position is isometric to stimuli in 2-CSRTT. Further 
study should only be done to make the arena good for EthVision analysis. 
 
Appendix 
A. Sketch for level 1 
Figure 6. Plot of reaction time versus trail number in level 1 sessions in 
2-CSRTT (blue) and 5-CSRTT (orange). 
 
Table 1. T-test for reaction times in level sessions of 5-CSRTT 
and 2-CSRTT. 
 
int center_threshold = 26; 
int left_threshold = 43; 
int right_threshold = 40; 
int speaker = 2; 
int button = 50; 
int leftLED = 30; 
int rightLED = 26; 
int centerLED = 40; 
int buttonLED = 45; 
int leftSensor_pos = A0; 
int leftSensor_neg = A1; 
int centerSensor_pos = A2; 
int centerSensor_neg = A3; 
int rightSensor_pos = A4; 
int rightSensor_neg = A5; 
int spout = 9; 
int water_delivery = 100; 
double proximity = 0; 
int state = 0; 
int tone1 = 200; 
int tone2 = 600; 
int tone3 = 70; 
int trial = 1; 
double correct = 0.0; 
int incorrect = 0; 
int oneSec = 1000; 
int side = 0; 
int touchSide = 0; 
int touchITI = 0; 
int delayTouch = 0; 
int outcome = 0; 
int timeOutTouch = 0; 
unsigned long stim = 20000000; 
unsigned long holding = 10000000; 
unsigned long delayDuration = 3000000; 
unsigned long timer1, timer2, timer3; 
double hours, minutes, seconds, start, initToStimTime, touchTime, drinkTime, 
randomTime, ReactionTime; 
 
void setup() { 
  // put your setup code here, to run once: 
  randomSeed(analogRead(0)); 
  Serial.begin(9600); 
  pinMode(speaker, OUTPUT); 
  //pinMode(button, INPUT_PULLUP); 
  //pinMode(leftLED, OUTPUT); 
  //pinMode(rightLED, OUTPUT); 
  pinMode(centerLED, OUTPUT); 
  Serial.println("CLEARDATA"); 
  Serial.println("LABEL,Computer Time,Trial,Side,Start Time(s),Reaction Time(s),Delay 
for Next Trial(s)"); 
  Serial.println("RESETTIMER"); 
} 
 
void loop() { 
  switch (state) { 
    case 0: 
      waitForTouch(); 
      break; 
    case 1: 
      touched(); 
      break; 
    case 2: 
      printOut(); 
      break; 
    default: 
      Serial.println("ERROR"); 
      break; 




void waitForTouch() { 
  tone(speaker, tone2, 1000); 
  start = 0; 
  start = millis(); 
  //deliver water from center spout for 300ms 
  analogWrite(spout, 255); 
  delay(water_delivery); 
  analogWrite(spout, 0); 
  while (analogRead(centerSensor_pos) - analogRead(centerSensor_neg) < 
center_threshold) { 
    digitalWrite(centerLED, HIGH); 
    delay(200); 
    digitalWrite(centerLED, LOW); 
    delay(200); 
  } 




void touched() { 
  timer2 = millis(); 
  randomTime = random(10000, 15001); 
  while (true){ 
    digitalWrite(centerLED, LOW); 
    timer1 = millis(); 
    if (analogRead(centerSensor_pos) - analogRead(centerSensor_neg) < 
center_threshold) { 
      timer3 = millis(); 
      if (timer3 - timer1 > 3000) { 
        break; 
      } 
      break; 
    } 
  } 
  delay(randomTime); 
  ReactionTime = timer2 - start; 
  state = 2; 
} 
 
void printOut() { 
  //trial 
  Serial.print("DATA,TIME,"); 
  Serial.print(int(trial)); 
  Serial.print(","); 
 
  //Side 
  Serial.print("Center"); 
  Serial.print(","); 
 
  //Start Time 
  start = start/1000; 
  Serial.print(start); 
  Serial.print(","); 
   
  //ReactionTime 
  ReactionTime = ReactionTime/1000; 
  Serial.print(ReactionTime); 
  Serial.print(","); 
   
  //Delay 
  Serial.println(randomTime/1000); 
  unsigned long time2; 
  time2 = 0; 
 
  state = 0; 




B. DAQ output spresheet for level 1 
 
C. 2-CSRTT Criteria 
Level Criteria 
1 Complete of 50 trials each session for six 
sessions 
2 Complete of 50 trials each session for six 
sessions 
3 Greater than 60% accuracy for holding the 
initiation setup 
4 Greater than 60% accuracy for the task 
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